The electrochemical oxidation of ortho-and meta-anisylsilanes in the presence of sodium cyanide facilitated the direct cyanation of the aromatic ring through the exchange of a hydrogen atom and a cyano group to give cyanoanisylsilanes without elimination of the silyl group. The anodic cyanation of anisylsilanes in methanol and electrophilic reactions of the obtained cyanoanisylsilanes largely depended on the substituted position of the silyl group on the aromatic ring and on the bulkiness of the alkyl group on the silicon atom.
Introduction
In general, the direct substitution of a hydrogen atom by a cyano group on an aromatic ring is difficult and few reactions in organic synthesis allow convenient and direct cyanation of aromatic compounds; 15 successful examples predominantly include the carbon-carbon bond formation of naphthalene, anthracene, and a heteroaromatic ring. 68 According to a report by Andreades et al. 9 on the electrochemical oxidation of anisoles, anisole barely underwent cyanation in methanol, and only dimethoxybenzenes were transformed into anisnitriles through the oxidation of one methoxyl group. 10, 11 Recently, the anodic direct cyanation of tertbutylanisole was reported; however, the selectivity and yield of the cyano products were not satisfactory. 12, 13 In contrast, general chemical reactions of arylsilanes, vinylsilanes and allylsilanes usually accompany with the cleavage of the carbonsilicon bond. 14, 15 The carbon-silicon bond cannot be cleaved by any nucleophile, such as the cyanide anion, although electrophiles such as I + , Br + , Cl + , 16 acyl, 17 and NO 2 + , 18 can readily cleave it. Furthermore, the electrochemical oxidation of vinylsilanes and allylsilanes has also been reported to yield desilylated compounds; 14 therefore, the electrochemical introduction of a functional group in the vinylic and allylic moiety also accompanies with desilylation.
In this paper, we report a novel cyanation of anisylsilanes without desilylation followed by electrophilic substitution of the silyl group to give functionalized cyanobenzenes.
Experimental
1 H and 13 C NMR spectra were measured on JEOL EX270 and EX400 spectrometers in CDCl 3 with tetramethylsilane as the internal standard. Infrared (IR) spectra were recorded on a Shimadzu IR-435 spectrometer. Mass spectra and high-resolution mass spectra were recorded on a JEOL JMS-DX303-HF spectrometer. Column chromatography was performed on silica gel (70230 mesh, Merck).
Anisylsilanes 1ad and 5ae were prepared from bromoanisoles and chlorotrialkylsilanes (Nacalai Tesque) through phenyl Grignard reagents or phenyllithium derivatives. 19, 20 1e was purchased from Tokyo Kasei Kogyo Co., Ltd. 3a, 3b, and 7 were identified using commercially available authentic samples (Aldrich Chemical Company Inc.). 4 was identified using an authentic sample reported previously. 9 10d was produced as a mixture of 10d-i, 10d-ii, and 10d-iii. General procedure: Anisylsilane (5 mmol) was placed in an undivided cell (50 mL) equipped with platinum electrodes, a thermometer, and a magnetic stirring bar. Sodium cyanide (10 mmol) and 30 mL of methanol were added. After electricity shown in Tables 1 and 2 . High-resolution mass spectrum, Calcd. for C 16 Detrimethylsilylation of 6a: A mixture of 6a (5 mmol) and 30 mL of trifluoroacetic acid was heated at 5055°C for 15 h. The reaction mixture was poured into a saturated sodium bicarbonate solution; the products were extracted with ether and were purified by distillation. The ratio of isomers 3a and 3b was determined by NMR.
Detrimethylsilylation of 2b: 2b (5 mmol) dissolved in a mixed solvent of acetic acid and water (30 mL, 1:1) was heated to reflux for 3 h. 3a and 3b were isolated and analyzed by spectroscopic methods.
Acetylation of 6a-i: 6a-i (5 mmol) and acetylchloride (10 mmol) were dissolved in carbon disulfide (30 mL). Powdered aluminum chloride (10 mmol) was added, and the mixture was stirred at room temperature for 7 h. The product 8a was purified by column chromatography.
3-Acetyl-4-hydroxybenzonitrile (8a): 
Results and Discussion
Our first trial on the anodic cyanation of p-anisyltrimethylsilanes, which was easily prepared via the reaction of 4-bromomagnesiumanisole and chlorotrimethylsilane, gave predominantly a mixture of the direct-substituted product (2), in which a hydrogen atom was substituted with a cyano group, and the ipso-substituted product (3) in which the silyl group was substituted with a cyanide anion despite the presence of the bulky trimethylsilyl group (Scheme 1). 23 The substituents on the silyl group (1a and 1b) and the presence of different alkoxyl groups (1b and 1d) were important factors that influenced the selectivity and composition of the products, as shown in Table 1 . To our surprise, the electrochemical oxidation of p-dianisyldimethylsilane (1c) afforded anisnitrile exclusively in 64% yield, which indicated that the stability of the eliminated silyl group strikingly facilitated ipso-substitution.
Anisole with a tert-butyl group (1e) as the carbon analog of a trimethylsilyl group underwent cyanation under the similar reaction conditions, 13 and the yield of 2e was moderate; however, the amount of 4 and the amount of various impurities increased substantially. Therefore, compared with the cyanation of the silylated anisoles, the selectivity of 2e was not necessarily better.
In contrast, cyanation of o-or m-silylated anisoles was drastically different; o-phenyldimethylanisylsilane (5b), in particular, was selectively transformed into the corresponding cyanation compound as the sole product. (Scheme 2, Table 2 ) Although the reason why the results of anodic oxidation of these anisylsilanes were different is not clear, we hypothesized that the attack of a cyanide anion on the aromatic carbon attached to the silyl group may be blocked due to the steric hindrance of the phenyldimethylsilyl group. The substitution of a chlorine atom at the 4-position resulted in the selective formation of a single product (6e) in 37% yield.
m-Anisylsilanes (5c and 5d) were quite easily converted into the corresponding cyanation products in excellent yields. The difference among the meta isomer and the other isomers is clear and can be explained by a reaction mechanism through difficult elimination of the silyl group of the m-isomer.
24
Two possible reaction pathways may yield cyanation products. One involves oxidation of cyanide anions and the other involves oxidation of anisylsilanes. The results of oxidation potential measurements of sodium cyanide and anisylsilanes are summarized in Table 3 ; however, the oxidation wave of the cyanide anion could not be clearly observed. Reports 25 on oxidation of cyanide anions have suggested that a cyano radical generated from the oxidation of a cyanide anion dimerized, polymerized or was independent of the main reaction. Controlled selectivity of ortho or para orientation may also indicate that no reaction by free radicals could be observed. Furthermore, anodic reactions of trimethylsilylbenzene and 4-chlorotrimethylsilylbenzene under the similar reaction conditions resulted in the quantitative recovery of the starting material, which showed a more positive oxidation potential. Therefore, these results will support the mechanism in which the reaction is initiated by single electron transfer from anisylsilanes (Scheme 3).
In each reaction, ipso-cyanation compound 4 was still a minor product because the cation generated after oxidation of the methoxyl group and the elimination of formaldehyde as suggested in the literature, 9 is much more unstable without the electron-donating effect of a methoxyl group than other cations generated from dimethoxybenzenes.
The products®anisnitriles with a silyl group on the aromatic carbon atom®are important intermediates in organic synthesis because they are also expected to behave as arylsilanes. Some typical electrophilic reactions of 2b and 6 were performed and differences in their reactivities could be identified.
As shown in Tables 46, typical Peterson protonation and ipso substitution such as acylation, and nitration of p-or o-silyl anisoles with a cyano group easily gave the corresponding normal desilylated compounds in good yield despite of the presence of the cyano group, which is a strong electron-withdrawing group. However, reactions of m-silyl compounds did not yield desilylated compounds because in (2013) these compounds the silyl group is located at the ortho or para position with respect to the electron-withdrawing cyano group.
In contrast to the behavior of the o-and p-compounds, the msilylated ones do not favor elimination of the silyl group by the general electrophiles because of the electron-withdrawing effects of the cyano and meta-methoxylated groups. The nitration of mcyanoanisylsilanes gave nitrated compounds without elimination of the silyl group because the stronger electrophilicity of the nitronium cation compared to that of an acyl cation led to the nitration of the benzene rings with a cyano group. 
Conclusion
Anisylsilanes prepared from bromoanisoles and dialkylphenylchlorosilanes were oxidized under the electrochemical conditions in the presence of cyanide ions to give the cyanation products. The cyanation products of o-and p-anisylsilane were attacked by electrophiles such as a proton, an acylating group, or a nitronium cation, and ipso substitution occurred at the silylated carbon atom on the benzene ring in good yield. Table 6 . Nitraiton of trialkylsilyl-or dimethylphenylsilyl-methoxybenzonitriles. Electrochemistry, 81(5), 394398 (2013)
